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'HILQLQJ DQG 9DOLGDWLQJ D )HDWXUH 'ULYH
(QJLQHHULQJ $SSURDFK

5DSKDHO 3HUHLUD GH 20LYHLUD
JHGHUDO 8QLYHUVLW\ RI %DKLD 8)%$ 6DOYDGRU %UD]LC
UDSKDHOROLYHLUD#GFF XIED EU

'DYLG %ODQHV -DYLHU *RQ]JDOH] +XHUWD (PLOLR ,QVIUDQ
8QLYHUVLWDW 3ROLWQFQLFD GH 9DOGqQFLD 839 9DOHQFLD
AGEODQHV MDJRQ]DOH] HLQVIUDQ VDEUDKDR #GVLF XSY |

6KRORP &RKHQ
6RIWZDUH (QJLQHHULQJ ,QVWLWXWM\6@LWMWWEXHUIKH 86BHORQ 8QLY
VIF#VHL FPX HGX

(GXDUGR 6DQWDQD GH $OPHLGD
JHGHUDO 8QLYHUVLW\ RI %DKLD 8)%$ 6DOYDGRU %UD]LC
JUDXQKRIHU 3URMHFW &HQWHU )3&LQRHWBRIWZHDUB]DQG 6\VWHPV
HVD#GFF XIED EU

$EVWUDKM VSHFLILFDWLRQ RI UHTXRWH B ARMHWY LY J DWKH\ JIRFA/DLY RW \D Q \
VRIWZDUH SURMHFW DQG LW KDV RIRQJHEHEQ UHWWDBE G KWKNG DRGG
SUDFWLWLRQHUV :LWKLQ 6RIWZIRVWH SUWGK¥Y W YH@HRR BB/ FULMLWFDO R.
WKH QHHG WR GHDO ZLWK FRPPRQ UHDXLDE®HQWYG SR\ GRXFOA VB H FL
VLQJOH SURGXFW EXW IRU WKH ZK®&ROZHH VS$IWH \RH GBW RIG XIF VW X U® WK YW C
SHTXLUHPHQWY (QJLQHHULQJ DSSURBRKW)HVR WXKDWHSXRYHBH g WX
VSHFLILFDWLRQ RI 63/ 7KH DSSURIXRXF WLHRDQDLQH W HIHCLW X B HQ W\Q VER
FRQVLGHULQJ WKH YDULDELOLW\DPVRWXWRNA & B VD GIH\D IV IXQHHG P RGHEGH O, M
KRZ WR DVVRFLDWH FKXQNV RG H{D/XG HVRI BFR P \DL GHIMWW KHPPRY WKH |
IRU WKH 8VH &DVH VSHFLILFDWLRR L¥KHOMWNVOXIDMUR® R IV KEHD \DHS S/UWNRX
GHYHORSLQJ DQ 63/ RI PRELOH DSSWLIEFWWREAQMR 0UKHFHUDWI FAW X G\
DSSOLHG ZLWKLQ VXEMHFWV3RONEVHFAVED IGHR P BO@JQ FHLD/ DRBW VX E
IURP )HGHUDO 8QLYHUVLW\ RI % XKL S H UYHQ X Bl W LHRIDWH FRRIQX¥ W QS U AM L
XVHIXOQHVV HIIHFWLYHQHVV DG HQ W ¥ LIH@EFO \IVW ¥ HADLLOGVWKHT BIS S U R
DOVR SUHVHQWHG 7KH UHVXOW VDM RD W KWDRV Q HBY ¥ DY S HUFAH XOHB\ V
SDUWLFLSDQWV

.H\ZRUGRIWZDUH 3URGXFW /LQHV S5HTXLUHPHQWY 6SHFLILFDWLRQ 5H
&DWHJIRULHYV

,QWURGXFWLRQ

'"HILQLQJ UHTXLUHPHQWYV WR GHWHUWPILHGHIKOIVD \L ¥ A¥# R SHHGHIY W
YLWDO EXW GLIILFXOW SDUW RN KRQW AMKIHH GUHLYYH- @R S B RN W(H/ RN
UHTXLUHPHQWYVY QRW RQO\ VLPSOLIR®VSWEWMHEHEXWQ DIDYR LPS
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UHGXFHV WKH QXPEHU RI HUURKN GHWHFR\SHPEH Q@ S D WFHHVVW WX
UHGXFLQJ WKH ULVN GXUDWLRQ DQG EXGJHW Rl WKH SURMHFV

7KH VSHFLILFDWLRQ Rl UHTXLUHPWHQ&BY L@ GRPWQROMWH 3URG)

@ GHYHORSPHQW LV HYHQ PR WM FLUWL \@ HFBIO V DQ \WK R VG FHRD@WZL
FRPPRQ YDULDEOH DQG SURGXFW MSH BLMLIFQ UG A XS URE KW V
EXW DOVR IRU WKH ZKROH VHW RXGGEBBKEW D OL® WS KHFWDRILO \
HQJLQHHULQJ 63/V LV WKDW RIQHIBUL\Q @ J 55 H BXIIDUFMPLHFGIW VW(R BLH
ZLWK WKH VFRSLQJ DQG VSHFLILRPDLRQ(®JIL\WKH WL3Q JL Q GER W K
$SSOLFDWLRQ (QJLQHHULQJ SURFHVVHYV

,Q WKH 'RPDLQ (QJLQHHULQJ SURFRHWHNQ GMKG] W R DEAWL @ HWW KM
H[WHQW RI WKH 63/ LQ RUGHU WRJGHDNGGPRLQWRLWR BGRGWEW\
FRPPRQ VYDULDEOH DQG SURGXFW WXHFL6BF [HOHVXUHV WK
VSHFLILFDWLRQ RI WKH UHT X MJPH\Q WXVOHE GUR BWHR \CSHHFQ RAHIE
VIVWHPDWLF PDQQHU E\ HVWDEOENWZOHQH DLW KWH W UDFG D |
UHTXLUHPHQWY ,Q WKH $SSOLFDWDRQ LQUWQHW WLWH ISYW ABGH
WR VSHFLI\ WKH UHTXLUHPHQWVWIRU TUBGXMN FIDPLR O\ S YR GLX\F
WKHUHIRUH LPSRUWDQW WR GHWHKH BBQ B WHK LUAKO B N DXL BPRH QK |
SURGXFW WR EH GHYHORSHG FRFRRRQ DG DMWUR. DGRV UIHHID W M URHU
WR DGG QHZ VSHFLILF UHTXLUHPHQWNKLQRWHRWHWHQW LQ WKH

ORVW RI WKH DSSURDFKHV WKDWPBEWOWHMWX VBR L@ BG K GHI Y
YDULDELOLW)\ LQIRUPDWLRQ ARGWOY GHWLRRDI® RV LOUTPIH@W
>0RRQ @ RU WR H[WUDFW IHDW X WP PR\ ¥ OAS B FRLQLIF D W& RQN P
E\ IROORZLQJ D ERWWRP XS VWUDWaJ6RBMDGELP L W® WDRQVERIF K
WKHVH DSSURDFKHV DULVH |UR®PXWKHU SRIV U HE XQ U\W P FRQ VDV ODQC
IHDWXUHV PDNLQJ WKH VSHFLILPOQAHRYY WD Q8 T XPLOULHPMILVOV DK
SURQH WR LQFRQVLVWHQFLHV 7KHDRRDM BLERWRRRURE R XWKHES ¢
UHTXLUHPHQWY VSHFLILFDWLRQW\LRQQRD GIRW W R | GHD\OL ZH WZID \F R
(IITHFWLYHQHVV LV DFKLHYHG E\ IPKXVQ\NE QY HGK R QU B U XIDWHR H Q/\K |
IHDWXUH PRGHO 7KLV FRQVW U B QWA WISH FH{M ARWLR QWKW DG\ b
WLPH WR D PRUH VSHFLILF DUHRGHOWKW %BHG7BON DHEWXUMW
SULQFLSDOO\ EHFDXVH LQ WKHIIBE NV WRPEXQ\L WL W HX U ¥ LIFKHI
HDVLO\ LGHQWLILDEOH ZHOO XQGRISNWWR R G G DERP Bl DY \HI[SW 6\&/N
WR FRPPXQLFDWH 7KHUH LV WHKX\D BLOWW R Q L GNH & HWRZ KEHHOL @Y K
IHDWXUHV DQG UHTXLUHPHQWYV D QMED L DK MKHHY PR GOV \OLE® H
VSHFLILFDWLRQ V\QFKURQL]JHG D@BHMR@VLVE@ HQ\WM LSH0Q pBIK F K

@

,Q WKLV SDSHU ZH LPSURYHG DQG®HWYQDO6HERMIMHP HORAHY )H D W
(QJLQHHULQJ )H'5( DSSURDFK >2CHYWLUDWK® SNRDORWOSBLG/N Y F
IRU 63/ GHYHORSPHQW 7KLV SDWHRQ RAXWHHVXRQHW KB WS HDPRL IHD
VWDJHV WDNLQJ DV LQSXW WKBSSBRSOERJ SRS RNHWD VKW VR
DUWLIDFWY DFWLYLWLHV URORY WXMG!HBMXHHM WR EG \§ KM HE
7KH LPSURYHG DSSURDFK KDV QHZ RWBSWXBEQRWKH | RXL B/HEILQF
VSHFLILFDWLRQ :H IRFXV RQ \RRHRU KVIKH. URIPBIQQV VQ VY IS®I I HILLIEQ IV
DFWLYLW\ :H IXUWKHU IRFXV RXUWLHMFRQSW LIR QH R W)HU 5i( FER G/H\
KDV EHHQ GHILQHG LQ WKH VFRSQ®RWDEMDLYLILWK+RXBGHW\ Z
$SWWULEXWHV 4%V LQ WKH IHDWXWHYPWEGH®QVKMWYHRN WK B (
VIVWHPDWLF UHDOL]DWLRQ RFDMBWXUKNV LQFWHULPV\ RIS X FHIL
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UHTXLUHPHQWY EXW DOVR HVW DEKH VKHDW X\UHDF HIDEE O WWKH E
UHTXLUHPHQWY 7KLV DOORZV XVVWWR BWRWKEHUMDXNLDHP & QW
OHYHO E\ XVLQJ XVH FDVHV DRRU G DWIHW®DWK MHF K K B § DRIL RAK
IHDWXUH PRGHO WKDW WKHVH BRDX\WHERHLRY W RH P HINS (7IKH PO
5( DSSURDFK WKDW  V\VWH PIDQLR DJHIX UH B PH HYVI IED WR QM VG F
WKH YDULDELOLW\ FDSWXUHG L@ NVKW K DMRSJ 16 RZRG 6O LY E G
SDUDGLJP WKURXJK XVH RI WK HRIUHDMW_YH H HORGHOH V QD R ERBBIE L O R
DUFKLWHFWXUDOO\ VLJQLILFDQWY DOXDWLRR WRKH)H'3( ZDVLUV\
SHUIRUPHG WKURXJK D FDVH VWXGWKE BHWHBIQ YEBE FRYW H{W
XVH SHUFHLYHG XVHIXOQHVV HRIHRVKHY HDGSISW\R DF®G Z HUIM F L H
HYDOXDWHG

7KH UHPDLQGHU RI WKH SDSHU RWQ VWUXYFXXVHG DNORWBEZ
ZRUN RQ 63/ VSHFLILF 5( DSSURDFKHVHDOMYWH RBQ LY HUHVHQ
UHTXLUHPHQWY HQJLQHHULQJ DSWWRDFHDVAHERWLRQ RILYEBKV)
DSSURDFK WKURXJK D FDVH VW XG\RFRREXPOWHIES 3/RLEBWHRQRS |
IRU HPHUJHQF\ QRWLILFDWLRQNVV RXW GFRQ FEOHFW RRXY D §GH MHAD
ZRUN

SHODWHG :RUN

BHYHUDO PRGHOV DQG WHFKQLDH\R @ KRD W FTHO.Q H R WEWWK IHQ VEI
GHYHORSPHQW KDYH EHHQ SURSRVBIGDRYHUWRRH @DWYXHMHBA \HL
SURSRVDOV E\ XVLQJ D FRPSDULVRQKRULWKHLBXUQHRWGHU W
DSSURDFKHVY FRYHU WKH 5( DFWLY ZWHN W R PPSOGH.O F6G / FUH TWH WLHP
ZHUH IRUPHG RI IRXU PDLQ FU H®&3H UDBW AEB\VEIRIMMH 6 QIO \VHV W
WKH GHYHORSPHQW 6FRSLQJ 'RPDLQQUQIHHHIQLIQI 7RG $SSC
VHFRQG FULWHULR®( HDEMRYESHBMNHAH WHK FKVHG LQ WKH 5( DSSURI
DFFRUGLQJ WR WKH GLVFLSOLQBQD ®\VILAL WDHWLLR QF DWAEHRRY | DR
PDQDJHPHQW WKDW JXLGH DQ 5( SWRAHNGY/ FRIOMHPUHIGRV ZH @
DQDO\]H DUWRKIKHMH HPSOR\HG WR PRGHO WKH UHTXLUHPHQV
DQDOYRB WKH SURFHVV ZIOH DBAMDOQWIGY Rl 3KRZ WKH SURFHVV
GHILQHG  ZDV SHUIRUPHG DQDCHWQHUMKKH HD ¥ S B ROUAKVEURD L@
JXLGHOLQHV ZKHWKHU WKH DSSWRWKK ®ISISQRINFKROCHV ZBQG
GHILQHG LQSXWV DQG RXWSXWYV

6RPH DSSURDFKHV FRPELQH IHDWXD® PRGHEKQATXKWRUH V
VXFK DV XVH FDVHV >*ULVV @ >(UUNVVRE SU®BSR)\HHDW X5 6 (¥
VLPXOWDQHRXVO\ EXLOGLQJ D X\GH 6D DK ® RAGKHIQ DSHAJ IR UIR D QX
WKH FRPPRQDOLW\ DQG YDULDXVB LAVD\ B QEROG M DW  DIQUEY W KRYQH B W
WKH IHDWXUH PRGHO 3/866 >(ULNVGR® DS®URPFKREHV WKH
DGGLQJ PRUH YDULDELOLW\ PHFRXDWHYPVL LD WV MH HD OXW H URIDV
VFHQDULR OHYHO LLL DW QWKOHX GOHREZ CRO VHEY QDWW LNUIR F AIHD D U L R
ZLWK FURVV FXWWLQJ DVSHFWV MK DWK HII | HHFIWV X B167(1960 @ UX V H
3/866 SURSRVH UROHV LQ WKHLU PHWRRIXL GHQG QFHW WR\ KHIRY |
LQ WKH 5( DFWLYLW\ ,Q DGGLWIERK IMKH RQGS X &DDQ\G RX®ASE M L
,Q J)H'5( WKH IHDWXUH PRGHG M/RWARG ADLYDDUVELDEW\X\DH) G
FDVH PRGHO LV EXLOW IRU FKX®QNW\\RW HPLWL FH B IV Q HUP RIGH ©
LPSURYHV RXU DELOLW\ WR GH D OVEHWKR DRVAE &/HRL W\ KB R\DH R X
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VSHFLILFDWLRQ :LWK UHJDUG W RQWXHIT X DWH BHQ /MW \) '3 EK D Q
ERUURZV WKH ILUVW WZR W\SHVHRIFPDHLOHEYBQWD QR B CBWIH6 Q X
VFHQDULR

7KH LGHD RI FRPELQLQJ D IHDWXUBORRGXHGLE\K WKRH FDVF
9DULDELOLW\ ORGHOLQJ /DQJXDJH BRW B B F X LIUH AHKGIWAR QW H B\ |
RI WKH $03/( SURMHFW >$01pUH] V \@Z R KIDL Q@ FRORDFIKE X WH RIQY
JLUVW WKH 90/ 5( ODQJXDJH LV D VRKPDWQL Y SIHEQ H. ?V RD DR R B RN H
UHTXLUHPHQWYV ZLWK IHDWXUH PR\ MWW RFOIE W MWKDAG X DHWH TX
IHDWXUH PRGHO WR SHUIRUP WEKH XWHHU EDEHVL W Q G GIHRMLLY! L WD
GLDJUDPV WR GHVFULEH WKH 63/ IGRPDDQ 5 HFIRGHE PMRWY DQ
UHODWH WKH IHDWXUH PRGHO RHWHK WKBHWHARGUH®RH QW RRQRIG BILC
D IHDWXUH FRQILIXUDWLRQ DUWHWDWR CR BW [LLQ(B XWK HE \D B © OLLG\M
UHTXLUHPHQWYV 7KH\ DOVR SURYHIBE FROQWVXYW\WH QR\GF KW A NALIH
VFHQDULRV 6LPLODUO\ ORGHOLQRVOVAXIDWILE®JI IDHAKEQ OWLRWM |
069&0 >%RQLIIFLR @ LV IRFXVHBWR® QR W DX QU BB HQK\H/ [ES S C
XVLQJ WKH IROORZLQJ DUW.LIDFFR\GH OX VSHU R B X IF WP FER IOL J DHDDANKLLF
DQG FRQILIJXUDWLRQ NQRZOHGJH Q@E¥HWHLQUWHKHD ZEWDYDQH#H WL
SURFHVV ZKLFK FURVVFXW HDFK RRGOHFWD\FFIRILG LB X WHR FADKRHH U
PRGHO 2SSRVLWHO\ ZH SUHVHQW HFXEU WRH R BV DIIUR RV MK G R P
6FRSLQJ DFWLYLW\ IROORZLQJ JXDOH ROQH VYREQ D LW\ \RWQHLDIV L F
WR VSHFLI\ WKH GRPDLQ UHTXLUHPUHRWRHE\ \XKDQJRE \WDL@HE KS
DSSOLFDWLRQ UHTXLUHPHQWY ZKDBIG 10\W MK HS LRRRIRVROWKH 90,
ORUHRYHU WKHVH SURSRVDOV GR QRW H[SOLFLWO\ PHQWLRQ .

2WKHU UHODWHG ZRUNV LQFOXGH DX SIHPHIFKIAW MRKEDHND Y [WH Q
VXFK DV XVH FDVHV DQG VFHQDWIZRW KRWW M PSUQIDFELVDQ W X FIRQ
IHDWXUH PRGHOLQJ >%D\HU @ >0RRQ %D@H W KH@ X\ODNH&'$ DS
WKH LQIRUPDWLRQ IURP WKH HPROQHRPLFKNEBEWHDLVDQEFN RN
VFRSH GHILQLWLRQ DQG WKHQ RXWEBNXWVVEW RPDARMURRGHO
SURGXFWV WKDW FDSWXUH GLIIRQHRR\G IB® P DQ G OWWHKIVQ D Q G@D C
WKH XVH FDVH WHFKQLTXH LV KVHG\D WE HZ R DN LDUER ©@X AW MOR WK
FDVHV $Q\ HOHPHQW IURP WKH WHHWSCDWH \GFLHDQ D D PR RRD Q QE W K
YDULDQW HJ DQ DFWRU RU DWVHDEBVHQFTKRV N G UZLLDDKN ; B1/0 H
VW\OH WDJV WR H[SOLFLWO\ PDUNHYDWKBEX®HW\ZLAMK VK VRO X\
IOH[LELOLW\ +RZHYHU IURP RXU SIRHPWM QW LIOH W KFHRXQWH GHWIHQ
GLDJUDP RU LQ WKH WH[WXDO \¥M¥B W D6 O\ SYIFULL DEEMWL RRXWE& Bl
D KLJK QXPEHU RI GLIIHUHQW UHTXLR HAHEWVPDURP WKH VL
FRQVHTXHQWO\ UHVXOW LQ WKH \SHANR G )QF WH'BQ ZRl DE®ERIZXRXV )
YDULDELOLW\ DW XVH FDVH ROW Y8HO DI & VIHWF BV HQTIUL R © K DIQQ
DOWHUQDWLYH VFHQDULRY 7KH M 'EHWREBMNQ LY RW ®L@QDJIU
VXIILFLHQW H[SUHVVLYHQHVV DQG QWRGXEHOUIXKBMDW ER DXR WK DM
PLWLJDWH WKLV SUREOHP '5($0 HERRQTXHOWKDW G[WHQBQW
WUDGLWLRQDO XVH FDVHV WR WXSSRWW®UWLQLDERQQW\ LVQDZK
OHJDF\ VIVWHPV WKDW DUH DQPHOMWE W'HE ($WOHAWWEZRH UHT.
VWHUHRW\SHY WKDW DUH G HLIQQKXGHWTD WHi SS3LIDV H Q WV Y BF RIPPIRY
ZKHQ WKH XVH FDVH LV DOZD\V@EUHYVHIWLRQ B QB U® RSSMR IGR(E B\
ZKHQ WKH XVH FDVH LV SUHVHQW LQ ¥ROWHSURGXKEM FRQILJ
GHFLVLRQ PRGHO LV WUDFHG VKR WYXH FDVHDEQG W POH@BH QMR
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GHVFULSWLRQ LQ RUGHU WR L QWWWOLQWY DWLHD B\LICH. VP R GUHFOPY XV
FDVHV DQG VFHQDULRV LV WUDXHG DN R/ UNDKEHH D B DOVDWW\H P DRVGJH O
THLWKHU 3X/6( &'$ QRU '5($0 SURSROVWRF HRD MR LIQ[ WHKBIG UW K54
UHTXLUHPHQWY PRGHOV WR VXSSREWRDBDKMDEGBLVO\H MWRKZHH Y H |
LQSXW DQG RXWSXW DUWLIDFWV VQQW WHS URUEHH YX/IHA/H G IXQH {
EXW '5($0 SURSRVHV D VHW RI JXLGHOHQ@MNNUMRH@EWDLQ W}
VSHFLILFDWLRQ IURP OHJDF\ VI\VWHPYV

$QRWKHU WUDGLWLRQDO 5( WHRKXIQLTDXH6RO WKQW R @JRDIOH F
VWDNHKROGHUfV LOQWHQWLRQV ZKLFK BUMKUHBRIMVZDUMHG DV
IHDWXUHV LQ RUGHU WR H[SUHWW GV KHRW XMDH PRELHIL W Q LEYV DIQF
RULHQWHG 8VHU 5HTXLUHPHQWY 1RWRWUWR@LYRGRP DLEXVVEDF
HQJLQHHULQJ DFWLYLWLHV DUH SBR®RFRGHQ EXLEXZLDG/WDN
IHDWXUH PRGHO LQ ZKLFK IHDWWDWNVDDPHWVKHSKH VE QM M LDHA
VWHUHRW\SH LLL EXLOG WKBEIGDWKXWHKH RSSPWWP RG HIOD W K UHH\
WKH VWDNHKROGHUYTV JRDOV QD@ER. PREWKOD W B WKIHF KHOQ R/ OH
IHDWXUHV DUH GHVFULEHG LQ PRIQM G VBUHO&DMMKO/KW $VS
$R8&0 ,Q $R851 WKH WUDFHDELOUMPHOQWR LD @B/RKQH\EWRVUEG T
OLQNV IURP WKH VWHUHRW\SHGRWDK/HI \$ R&5 W K A HIGIDWDRJ R RRRH
7KHVH DSSURDFKHV GR QRW GHILQB GVRA Q)RR LG HWKHWL W LD
JXLGHOLQHV IRU WKHLU XVH $G/GDUMRQDPWY BMKH R QS X WDLO\G
GHILQHG %RWK SURSRVDOV DOORZ RGHIOS (UHR[S HDUSW WYRL R E W D L C
JRDO PRGHO ,Q )H'5( WKH VWDR®WHQJ BKRLFKWL Y VE D VIHH® VRXQU H
FRQFHSWV WKDW WKH GRPDLQ WKIHU W VZRUNXQ CLRIHFIVD®\ JRD g
PRGHOV WR JXLGH WKH FUHDWLRQ RI WKH IHDWXUH PRGHO

$QRWKHU DOWHUQDWLYH LV WR RKW HQ® KWUDGILMALRIIMO 8
LQIRUPDWLRQ 6KDNHU SURSRVH WKBRGHDWQUH/ RQUKNRWHG 5HT
)250/ >6KDNHU @ EDVHG RQ |HDWXUH PREKHMHNI DIB®/80/ V
GHFRPSRVHV WKH UHTXLUHPHQWYV LDYLRWRRGHRYO,® RRGHO D
ZRUOG PRGHO D IHDWXUH PRGHRPGRVHUWKMVSWREOHB WXQUH V
IHDWXUH LQ WKH ZRUOG PRGHO LV GHKORPS RY HAGK HQEHK I ¥ LYRIW D
PRGHO $ IHDWXUH PRGXOH LV U HSQLHAWHH O/\WID®/ IZ LRADKE KOLQD B0 /7 & L)
GHFRPSRVLWLRQ SHUPLWV IHDWXU H PIRG ¥8 QWL E XAKILR® VL R IR ¢
WKH ZRUN )250/ GRHV QRW GHILQKH URIRAH\D\Q & QJ RLUEHIL QR
REWDLQ WKH UHTXLUHPHQWYVY VSHHFLDQFRDYH'BQLWSR@® ORPEDULQ
QRWHG WKDW ERWK DSSURDFKHV VX$SRD WHBRGXID BRWH0) 250/
IURP WKH ZRUOG PRGHO LQWR WHEHKDWOLRUD WRKGHOPREXIHV L
VLPLODUO\ DOORZV VHWYV RI |HDXRWVR®WBOE HHITXERPSRQM E
XVLQJ XVH FDVHV VFHQDULRVY DQG WUDFHDELOLW\ OLQNYV

)LQDOO\ ZH DQDO\]HG VHYHUDO R% PIMSBW RD B BHXH I RRIXQ3F GHY
D GLVWLQFW VHW RI DSSURDFKH\DDIQIGQNHERQROQEHFD VB E OMK H
VFRSLQJ DQG UHTXLUHPHQWYV VSHGHILUFOWRRQ MEMAQ@MaW
DFWLYLWLHV $FFRUGLQJ WR -RKQ GRIG QHEGHQHEDDW KRQ\RKLS V
DQG LQWHUIDFHY EHWZHHQ VFRSVERYPOE EH TXLIUB P18 QLMDV ROAGA
WR UHGXFH UHZRUN 7R DOOHYLBWW WKHWSBREQHP UMILSD FRQ
WKH VWDUWLQJ SRLQW DQG GHILQHV UMNKDGHGIPGHM W R FRQ
VSHFLILFDWLRQ GULYHQ E\ WKRMSRBRDLGMW DIUAWLR D FMV W KO RVWK B
IROORZHG WR VSHFLI\ WKH UHTXLURHP DYWXNV H6 FDNWHDO LDISSURE
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@ RU JRD®RPRGOOV WGDSWBGLWR W
HIWHQG 5( PRIS®ID VUR@GWHKNMHDBW [HDV

,Q RXU YLHZ 63/ GHYHORSHIH ID® GOG R B DZAIQN K [ 3HKUWHW V
IHDWXUH DQG YDUMDE IGHNO BRW K GIRPS O/ LDN P HDH

WKHUHIRUH UHVWULFW WKH UHRXGDIDFHQIMW K SHELQINAD W L RAXK |

IHDWXUH PRGHO
IHDWXUHV DUH SURYLGHG

VI\VWHPDWLF PDQQHU

ORUHRYHU

JXLEGHOXQHMPW R WAS RIFHLO D WHIG WML
UHWOQLWLQIUDRHDRU M[ERLBMN LW UL

$SSUR 63/ SURF[ 5( GLVFL SUWLIDF BURFHVYV
K GHILQLWLRQ
JHDWX5&®&PDLQ (OLFLWDW&RI® FDVH PRGIDWJWLDOO
(% HQIJLQHHUPQBHOLQJIHDWXUH PRGHIXLGHOLQHY LQSXWV
DQDO\VL DQG RXWSXWYV
3/866 "RPDLQ | (OLFLWDW)LHRIW XUH PR G 8IDUWVBO O
HQJLQHHUPAGBHOLQJFDVH FKDQJH PONGHOLQHV LQSXWYV
DSSOLFDWRDRQO\VL DQG RXWSXWYV
HQJLQHHUPQODJIJHPHQW
90/ 5 | 'RPDLQ (OLFLWDW)HRMWXUH PRGBDUWNVBIOO) LQSXWYV
( HQIJLQHHUPQGHOLQJFDVHY DFWLYLAG RXWSXWV
DSSOLFDWRRQO\VLY GLDJUDPV
HQJLQHHUPQODJHPHQW
069& | 'RPDLQ ORGHOLQ[J8VH FDVH PR[GIDWWLDOO) LQSXWYV
0 HQJLQHHUDQDO\VLY IHDWXUH PRGEQG RXWSXWV
$SSOLFDWPRQDJHPH®WRGXFW
HQJLQHHULQJ FRQILIXUDWLRQ
FRQILIXUDWLRQ
NQRZOHGJH
3XOVH 6FRSLQJ | (OLFLWDW'RRR®LQ DQDO\WRYWLDOO) LQSXWYV
&'$ GRPDLQ | PRGHOLQJPRGHO XVH |FDEBWXWSXWYV
HQJLQHHUDQDO\VL
"5($0 | 'RPDLQ (OLFLWDWBR@RQWH[W |PIDAWLD O O
HQJLQHHUPA&BHOLQJIXVH FDVHV JXLGHOLQHV LQSXWV
DQDO\VL DQG RXWSXWYV
$R851| 'RPDLQ | (OLFLWDWEWONHKROGHBDIRWMODOO) LQSXWYV
HQJLQHHUPQGHOLQJPRGHO IHDWXUWHs RXWSXWV
DSSOLFDWDRDRQO\VLY PRGHO IHDWXUH
HQJLQHHULQJ LPSDFW PRGHO
IHDWXUH VFHQDULR
PRGHO
Y250/ | 'RPDLQ | ORGHOLQ[J YHDWXUHPE®@HDOO) LQSXWV
HQJLQHHULQJ EHKDYLRU PRGBG RXWSXWV
YH'5( 6FRSLQJ (OLFLWDW)LHRMWXUH PRGERPSOHWH
GRPDLQ | PRGHOLQJIHDWXUH VSHFIXLEBDWOLREBY LQSXWV
HQIJLQHHUPQODJIJHPHRWRGXFW PD|SDQG RXWSXWV
DSSOLFDWLRQ JORVVDU\ WUDFHDELOLW\
HQJLQHHULQJ PDWUL[ XVH|/ FDVHV
7DEOH &RPSDUDWLYH DPRQJ FXUUHQW 5( SURSRVDOV
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JHDWXUH 'ULYHQ 5HTXLUHPHQWY (QJLQHHULQJ $S.

7KMHDWXUH 'ULYHQ 5HTXLUHPHQ/®88 Y@ DIFHIIRWL @3/V) K'BY EHHQ
GHILQHG E\ FRQVLGHULQJ WKH |HDAWXURUPRSHIPL IDVQ W KB/ PDLC
UHTXLUHPHQWY 7KH DLP RI WK HI DISISHIRHDE W \L W S\HFE [SIH B DRVULFR QY K
VIVWHPDWLFDOO\ XWLOL]LQJ WK I&RRD WX WHW R BIK WILKIH HGV H QR V
JXLGHOLQHV WKDW HVWDEOLVEWXUBNHD BIGO UW T XCOLLUGHNP\H E\M W Z P
GRPDLQ ZH PHDQ WKH FRQWH[W E®\ZKFKXWKEWLREDO\ IRUHDW/
DFURVV WKH SURGXFWV H[KLELWV RRPPR@LHUNVULDEOH RU VSHF
7KH PDLQ DFWLYLWLHV Rl WKH )H'S5HTXESHREBKVWUH 6FF
6SHFLILFDWLRQ IRU 'RPDLQ (QJLQHBHEQW FIWIGRBHMULUHPH
$SSOLFDWLRQ (QJLQHHULQJ )LRWUYLWVYKRZIVQWKHS (L ZWWF W DR 1D
GHWDLOHG LQ WKLV SDSHU 7KH QROQIORZH QDIF WR®HW LBIVH 'RPDR
$QDO\WW 'RPDLQ ([SHUW ODUNHW ([SHUWODMME WKH 'RPDLQ 5HT

= n
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g Domain Expert, Assets /=, Requirements Specifying SPL
Market Expert 8 Analyst RequTelments
T |
| ] [ N in
in— |7 el
Scoping Requirements Specification
for Domain Elngineering
out out
Li v
= = {E. B
Feature Feature Glossary Fun'ctlonal
Model Specification Requirements
Lt')’ l_t.')‘
Product Traceability
Map Matrix

JLIXUH 2YHUYLHZ RI WKH )H'5( DSSURDFK

6FRSLQJ

7KH ILUVW DFWLYLW\ SHUIRUPHG AHW)HHURL QW W R R V6 FIRGQ Q Z K DK\
SURGXFWV WR LQFOXGH LQ DQ 63/DEXWWORR YKRW®E UOR X QFK\
WKH 63/ $FFRUGLQJ WR %RVFK >9%RR/®V L VEV VWRKIHWBKEURFSH. QDUH ¥ AW L
SURGXFW SRUWIROLR 6FRSLQJ GRPDIQRGKRSLSRUMMIBODRYVHW
6FRSLQJ GHWHUPLQHV ZKLFK SURGXEWVLQRGXSHRGIXEW QHD W X
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63/ 'RPDLQ 6FRSLQJ GHILQHV WKHHBRQFRNLRQID @30 IGHFOPDDQG V)
ZKLOH $VVHW 6FRSLQJ LGHQWLILHWDRVIVWWGE RWWKRRFWY DQG

,Q )H'5( WKH 'RPDLQ ([SHUW DQG WKWKBIDSNRWXEMSHUW St
SRUWIROLR 6FRSLQJ 7KH 'RPDLQ ([SHRWP DMICH 'RRPALLLAD $QDO\V
6FRSLQJ )LQDOO\ DOO WKH UROHV LQIW I RBFRGLQJI DFWLYLW\

7KUHH PDLQ DUWLIDFWYV DUH BRIRIGXIF B EWLW IDWY HW X6 W HD WAXK
ORGHO WKH )HDWXUH 6SHFLILFDWMR(H RBGWWRB SWREWFWLOD S
DQ\ DV WKH LQSXW DUWLIDFOM GKHVH WKHHG3/DUWLXDEWRHDL
VSHFLILFDWLRQ IRU GRPDLQ HQSLQHHUFMOLIY L'\MWD UGB VVRR VXK K Q
JLIXUH (DFK Rl WKHVH DUWLIDFWBHQRBXW DQG RXWSXWV LV

i v y |
o Iy o3 -,
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\ Product Map /| . Products . Specification : t:l}*
7 i _ _ Product Map
JLIXUH '"HWDLOHG 6FRSLQJ $FWLYLW\

([LVWLQJ $VVHWYV

KHQ SHUIRUPLQJ DQ H[WUDFWLYH. ROKHIHLFWL@H HBAL/VINEGRIWL
DVVHWYVY H J XVHU PDQXDO RU HRVE LRI V\VWHPYGC KHIOE W
'RPDLQ ([SHUW LGHQWLI\ WKH [HBWXWKHDDRIGY 8 UR GCSXFRADF WQ YW
DSSURDFK FDQ EH IROORZHG WR EXLOG WKH 63/ IURP VFUDWEFK

JHDWXUH ORGHO

JHDWXUH PRGHOLQJ LV D WHFKQLPRRQVRRW YDUXDEGHWR P
SURSHUWLHY DQG FDQ EH XVHG M RHPMSYWHWHL R WIKOHQ BBH DYEGE
'RPDLQ $QDO\WW DQG WKH 'RPDLQ ([SHUWNVLGHB DVIVIN WNDBAX UH
LQSXW RU E\ HOLFLWLQJ LQIRUWR W LOPQ NUBIRP (HYB HWW $ PHIIGN DUR
ORGHO GLDJUDP >. DQJ @ ZLOOLDMH@RWVI\ DOBWKRIGIWW BB L QN
DPRQJ WKH IHDWXUHV LQ WKH 63/

JHDWXUH 6SHFLILFDWLRQ

7KH 'RPDLQ $QDO\WW LV UHVSRQVXEBWY XRUQVSBFLHDW3IUWKH
VSHFLILFDWLRQ WHPSODWH DHIOH® HRI R D RMCHVE R QWRKIUW K HWIKIHD ¥
DQG PDLQWDLQV WUDFHDELOLW\ ESERWKUBOQJWKR WK MW IWB P& @ DLV
HDFK IHDWXUH PXVW KD )YHDWwDIQGA IR H7 KB HOMO X HNUIRU WKH
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ODULDELKDQ®/\FDQ EH ODQGDWRU\ 2 SWLRQWIOH RWDSWOWHU QD W L
VSHFLILHG 7DEQORRBLWKH IHDWXUH VKRXOG EH + LJK OHGLXP
WKH IHDWXUH UHTXLUHV RU H)HOXW HGURE®@ RWKKH U H A R MWXHG] R/U \
H[FOXGHG IHDWXUH V PXVW HH YBUHHOMMSYHD WKHKH IHDWXUH K
I[URP WKH SDUHQW IHDWXUAL®VVYEFEDM fMFIHFRAFGOH/ WH PH RU
UXQ WLPH DFFRUGLQJ WR WKH. @/RCXGW KDWY VD KHR IHFBUAXAUHH SZUL R (
> &IDUQHFNDHDW®UHDAQSEHH FRQFUHWH RHVPBEVWWDREY DQG WKFE
D EULHI HI[SODQDWLRQ RI WKH IHDWXUH

ODQGDWRU\ )HDWXUH
2 SWLRQDO )HDWXUH
$OWHUQDWLYH )HDWXUH 2 5 RGEMRG PRUH IHDWXUH
$OWHUQDWLYH )HDWXUH ; 2 5 RQO\ RQH IHDWXUH

>D 0@

7TDEOH JHDWXUHY 9DULDELOLW\

BURGXFW 0DS

(DFK RI WKH LGHQWLILHG IHDWXBBG LYJ BWR.G R F\E VWLIRQ WKKH Fa3L
7KH VHW Rl UHODWLRQVKLSV DPRBQFHDMWXH BV REXGE V6 LODGX F V
DUWLIDFW ZKLFK GHVFULEHYTRDOHW KMRI HEXWXG HV W8 KB WI LDRU S U F
WKH 63/ ,W LV XVXDOO\ UHSURROEWGOG DNVS D HPADMQUA [WLIKH ZKWR &
DQG URZV UHSUHVHQW WKH |H DM XRRD/L Q7 1§19 DOD\W MH I Q$Q BVG\W W
'RPDLQ ([SHUW SURGXFH WKLV DUWLIDFW

$00 WKHVH DUWLIDFWV DUH W 6 HFLS XD WRLR QV KRIU 5 HRTPCLIUH F
(QJLQHHULQJ DFWLYLW\ ZKLFK LV GHVFULEHG EHORZ

SHTXLUHPHQWY 6SHFLILFDWLRQ IRU 'RPDLQ (QJLQHHULQJ

7KLY DFWLYLW\ VSHFLILHVY WKH 63HQUHIKHUH@HQWR/HVYRU GR
UHTXLUHPHQWY DOORZ UHDOL]BW LRUREBXKMNKH UIEBYWUHH® QQ@ |
6FRSLQJ DFWLYLW\ 7KH VWHSVLYHWXLDUHIE GHYV BSWIUHRGPL QY KWK
* XLGHOLQHV IRU 6SHFLI\LQJ 63/ 5SHORZUHPHQWY 6XE 6HFWLRQ

7KH )H'5( DSSURDFK ZDV GHILQHG XVL@BPUFRKDHKWHQGLQJ \
> (ULNVVRQ @ ZKLFK UHSUWYRQW\W VW KNV FIDR/HHOQOWRMH @ BHER
7KH XVH FDVH REHQ DBHHORKYUPHPHQWY DQDO\WWY WR DOZD\V WKL
VLQFH VHSDUDWH ILHOGV H[LVWVHPU DGMNMRXUNED QFURPWRU DQG
VXSSRUWYV WKH UHODWLRQVKLS EKMWZHBEB®Q XHBBDWDOWHD EDLQG WAV H
H[SUHVVHG ZLWKLQ WKH XVH FDVHW UHI'BU GV IRXWY DI RPRIVBR 6
WRZDUG WZR WA\SHV RI YDULDEERQWAGHUKYH WBRHWHZKROHDXVID LR
DV D YDULDQW DQG LL VFHQMDUUIRD §/YVLDEHOLOW HIU@ ZWILFFK W K
Rl D XVH FDVH ,Q RXU DSSURDFK W KWWY HL AMZHRQ W\ B3/HRV FDIS WIXWLHD
WKH YDULDWLRQV ZLWKLQ 63/ UHTXMWHKPWQWY WHKHKDHN @ HRK[B® L
SXUSRVH 63/V WKH YDULDELOLW\ GREH\ IQRWD QR BHRQIBU KR H F
YDULDELOLW\ :H KDYH DOVR SRHRBLRUFBOGON KM & D& BIVWMHN WEL W RI
'H DOVR DQDO\]JHG WKH 6RIWZDURB/&URBXEW QLW KH&RQVHRUWHQRH
RI WKH DSSURDFKHVY WKH YDULDEUO®LSNARRIHPWKY HRXPSOHM D (
VROYHG ZLWK WKHVH WZR OHWNOBRKRRDUHTKBLYHRHQMMWS RQVLEEE
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IRU VSHFLI\LQJ UHTXLUHPHQW\W IZRWIKR @ KILH KHO MKHID® HRMV VD B\QW
IXWXUH LI ZH QHHG PRUH H[SUHVVHYH IYQH LWDLMMG PHFK]
YDULDELOLW\ ZH ZLOO FRQVLGHU WR LQFRUSRUDWH WKHP

'KHQ D UHTXLUHPHQW LV LGHQWLWMR G HRWHWHPILQH @ K HW KIWUQ
LW LV D VKDUHG UHTXLUHPHQWS3IR R G ZIKHWHKGIW BWRLG/X BWAS iH DL\
UHTXLUHPHQW RI D VLQJOH SURGWM/OVRKBEH HRO DWW IXILWIGEP HQW
FRPPRQ DQG YDULDEOH UHTXLUHPHQWNG &RPPRXQI KRIXTWLWHKAH Q
63/ DQG YDULDEOH UHTXLUHPHQWVDPXW MU EHGFRQILWKHWHG F
VSHFLILFDWLRQ RI GLIITHUHQW YD ULRBI W HRINXWKHP 63YW VQ PDE G
UHTXLUH RU H[FOXGH RWKHU BRVYXLEBE&HRHROQVL W PWLREVVRU R
UHTXLUHPHQWY )HDWXUH PRGHOV PHQWHWSSHY RDQGOLQJ
GHSHQGHQFLHY DPRQJ UHTXLUHPHQWW WZ EIHF IS UFFDSH E®I\ FRP SO
DGGUHVVHG

7KH S5HTXLUHPHQWY 6SHFLILFDWLRQYLRW LRPIXVXDQOLQHHU
SHUIRUPHG LQ DQ LWHUDWLYH PIQWGH DGIFWHRGH QMDDADX BEQ QHR P 64
JHDWXUH ORGHO FDQ WKHUHIRUHHB G HRLLQ W& HD W SHALWIVE RW LR
GLIIHUHQW FULWHULD PD\ EH XYW RIRLOKRRY?H QMWD WXUH 8 ULR
RI LPSOHPHQWDWLRQ FRVW 4 $V WHKH V) HDPMMLYH WO\R Q HDX U H
JHDWXUH 6SHFLILFDWLRQ DQG 3 QRSGSBRGXFSH \D W K & SHYOR \DUDVL | [
)XQFWLRQDO 5HTXLUHPHQWYV DQG DYW\W E HOOFBAL\D L Y\D\F €D RIUW[K B V HR
RXWSXW DUWLIDFWV LV GHWDLOHG EHORZ
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Requirements

JLIXUH '"HWDLOHG 5HTXLUHPHQWY 6SHFLILFDWLRQ $F

*ORVVDU\

2QH LPSRUWDQW FKDUDFWHUL\PXDR RS GH/ VW DM K K RSUGNVBID FE RA
H[SHUWV DQG GHYHORSHUV ,W LNRWRRQHIREBEXBPHWYMVRU\ WF
GHVFULELQJ WKH UHOHYDQW FROBNSWMY FRILEKW BRE DH[G ODKHIP V
WKH PDLQ WHUPV LQ WKH GRPDL®RAGRUGHU WK S ERPPRIY WK
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YRFDEXODU\ DQG WR DYRLG PLVFRQMHSWZIRREOR/O X AWQ LW DEHDIHI H \
FRQWDLQLQJ WKH WHUP WR EH GHIHQH® BOIGEWMRQGHVFULSWLR

)XQFWLRQDO 5HTXLUHPHQWYV

7KLV DUWLIDFW FRQWDLQV DGMH@WHILKGFWRRORQ R H TR WHPEI
IRU WKH IDPLO\ Rl SURGXFWV WEDWVFRON WM B WHRWASH BB\ BN
63/ IXQFWLRQDO UHTXLUHPHQWY HDHFXU HQFOW IR® 0O/ WDH KX/HU H
FDVH DQG WKH YDULDWLRQV UHT ¥DWHIGDRWDD EKROHORW MR W
DOWHUQDWLYH VFHQDULRV LQVL@HPE XYW H XVHG)HGE G OULNYW R

@ LQ RUGHU WR VSHFLI\ IXQFWHRQ WX XWH VXISISRRMQAVQY B R WX
W\V\SHV RI YDULDELOLW\ 7KH VSHIEWHFHDQW R QI RRIO RXZY F W IKRIQ D
IXQFWLRQDO UHTXLUHPHQWVY WHBRRQDWH (VKR 2& QIFQV L7ED®!
UHTXLUHPHQWSK/DVFD VBQLBRH D 'HVFULSWLRQ $VVRFLDWHG )F
3UH DQG 3RVW &RQGLWLRQV DQG I WEFHWLRIQD 6 XFH R X VU 6PHH@IW
FDQ DOVR EH UHODWHG WR DQ RWEHW QG PO KWY R Q QKOG A LI
RWKHU XVH FDVH V. ([WHQGV UH O DW RRQNRKL SAK N KR WOI® \GLHRF U

7KH ODLQ 6XFFHVV 6FHQDULR DQG WKH SHEHHYBQWWIE 6 FHQL
E\ QXPEHUV $FWRU $FWLRQV UHSDFWRQWDQG DD DFMWER[Q U
6\WWHP 5HVSRQVHV UHSUHVHQWLKP D7KH VERYNHQIDWNRIPY W K H
VFHQDULRYV KDYH D 1DPH D &RQBROWLW® DQE F\RE® LIRIQDOXQ\H \
WKURXJK WKH $VVRFLDWHG )HDWXUH ILHOG

7 UDFHDE LOLW\ ODWUL]J

7KH 7UDFHDELOLW\ ODWUL[ LVOD @NDW DPR QX DMD WRQW D LIYGWWK
IXQFWLRQDO UHTXLUHPHQWY TWKKH URDW X Q HW KHQ BDW KIH [ F\RIOREP
VKRZ WKH IXQFWLRQDO UHTXLUHPHQWYKIDN PDVREZ Q[ LY DIDE®H
XVHIXO DV UHJDUGV KHOSLQJLWBPWRM Y WRQFW LHRIF R IFWE 8 JHHIQ
IHDWXUH PRGHO ZLOO EH WUDFHGE& XWX N R WKAH D EITXLW H PHGWIN
DQG YLFH YHUVD

* XLGHOLQHV IRU 6SHFLI\ LQJ 63/ )XQFWLRQDO 5HTXLUHPH(

7KH SXUSRVH RI WKH JXLGHOLQHV VL\SQRR\UWLGK WKH 5HTX
VSHFLILFDWLRQ Rl 63/ IXQFWLREDROLQHAXILWHPHRW \IXREH®R DB
DUH EDVHG RQ D PHWD PRGHO WHH )ERREH SWW KW RIHYSHGH Y K 8
VSHFLI\LQJ XVH FDVHV ZLWK DWHCHDUMILILRDMKH. SA\F HD@ R QLIRW KIHPG W
7KH PHWD PRGHO LV XVHG WR D LDOD MXK M KD MPUDFM D EDLQDG. W
IDFLOLWDWH XQGHUVWDQGLQJ 7KHQRHMCHPRQW® FRPSULVHV W
$5HTXLUHPHQWV6SYHRKH FRGMWODQL QHU RI DOO WKH HOHPHQWYV L
$)HDWXUKLY UHSUHVHQWYV D IHDWXUBWHRKJIEK YIVULDEQRWW\ P
GHILQHG LQ WKLV PRGHO LW LV UHODWHG WR JHUR RU PDQ\ U
$5HTXLUHRHQWDQ DEVWUDFW PHWDFODVVNUXPH®WWR UHSUHVHC
$8VH&DBHSUHVHQWY D IXQFWaROMMIBYXREHPWAW Z& WK D
) H D W XRUMKVHE DWK VY R XUKFWKBH H[WHQG RU LQKRHWULWDQFH UHO
ZLWRWR,W FR QWD RQ6F BIPE [RUR $OWPDQDWLYH 6FHQDULRYV
$8VH&DVH3DFRIDAHY WKH BREWDYBHD JIBRDPD
$8VH&DVH'LIIKLIVPLV D$ ¥ WHRBA HRWDD G ODWLRQVKLSV
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$$FWRV DQ DFWRU DQG F 3@ \ERW/DO D RHED WRITR BWHKI
$5HODWLRM\BKIHVHQWY WKH GLIITHUHQW 8W\S&VVRY UHODWLR Q'
ZKLFK, QOPBIXGH ([WHQG DQG ,QKHULWDQFH
16FHQDUKRY LV DQ DEVWUDFW PHWDE G\D8MVXRH G PM R IUHLSRM V H
IRU SWKHE D YKLF K DUBFHRGE®WHUQDWLYHB6FHQDULR
$t0DLQ6FHGBSUMVHQWY WKH *QRUSDH&DORZ” Rl VWHSV IRU D
$$SOWHUQDWLSHSBHYBQMR/ DQ DOW HY\QHDADIHFDIWE R VWHSV |
DVVRFLDWHOWWWHUEBSUHVHQW WKH YDULDELOLW\ LQ WKH VFH
$6WHBHSUHVHQW\W DLW HISREQMVKHQ DWLYHB6FHQDULR

7KH JXLGHOLQHV KDYH EHHQ VWUXFXDUHPHQWR/ VESHFLI\ 1X
DGGUHVVLQJ WKH IROOKRFLKHD WXHWWHWLRQVVHW RI IHDWXUHV Z
JURXSHG WR EH VSHFLILHG E\ XVH GWMB'G" WRQJE R X S X WDXW N ULZHRW
DFFRUGLQJ WRDAMDBWH MLKH VSHFLILF XVH FDVHV IRU WKH IHD
IHDW X UHKWUMKRXOG WKH XVH FDVHV EH VBHFHDMMGUHWVZKHQ WKF
LQ D KLHUDUFK\ GR ZH VSHFRIG WKIG XD/®! IFHDWHXUIR B HRBIO L R L
SDUHQW IHBWXIWWHWKHLYVH FDVH VSHFLILHG LQ WHUPV RI VWHS
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DUWLIDFWVRIWBDOHG3URGXFW /LQH ,QWHJUDWHG &RQVWUXF
63/,&( 7TKH WRRO LV D ZHE EDVHG LQWHNEBWEYRFWRVVXSSRUW
DFWLYLWLHVY VXFK DV VFRSLQJWHWMWXIQUH PHUNWE R @ UFKQ W H R
HYROXWLRQ PDQDJHPHQW DQG WRRPRIODBRQM LSSHHOAWV HMM U BIOQ &3
DFWLYLWLHY DQG DUWLIDFWY WEH&W U DB AHDEIRPQ WA\EDAHR @Y R W K H
DUWLIDFWY )RU H[DPSOH WKRQWRIRHDWRORHEV WEE NMSHALLIRR]
UHTXLUHPHQWY DQG PDLQO\ WKW ZHHD WKHPVKUSIXWHUDFHDE
SUHVHQWY D VFUHHQ VKRW [URIXQHWLR QB PL ILLH DX\LIURHGP HRQ VID Q X6
FDVH LQ WKH WRRO 7KHUH DUHOWORPHH LRDADXEW R U \W KH COOW RVFRL |
IHDWXUH WR WKLV XVH FDVH 7KHHPRR®W LQRMDHQBGW VWIRQ KM ISL |
DFWLYLWLHY DQG DOVR KHOS PO@IJHRYV MW[IOPEOIK WKIIRUW
WUDFHDELOLW\ DPRQJ WKH 63/ DUWLIDFWYV
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J)LIXUH 2 YHUYLHZ RI $FWLYLWLHGHOM\QHWDQG $UWLIDFW

&DVH 6WXG\

$Q H[SORUDWRU\ FDVH VWXG\ WR'SV¥BV VS WKIHR UWPHGXDQHVV |
IROORZLQJ WKH JXLGHOLQHV SUHVH @WIHG VW B YRIOXDQVLR® R4H
JH'5( IRU 'RPDLQ (QJLQHHULQJ WKH REWMLDQMIEG )WHHS(XDW YV PDNH
D SURPLVLQJ DSSURDFK 7KH VWDJHWVWRIDWHKH GHWH QWXG\
SUHSDUDWLRQ FROOHFWLRQ RI GDWDODOWQGQBQROK/IV RI GD
VXEVHFWLRQ IRU WKH WKUHDWV WR YDOLGLW\

7RRO GHYHORSHG E\ 5L6( /DEV KWWGWMNEV ZRUGSUHVV GFF XIED EU Ul
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JLIXUH * XLGHOLQHV IRU 6SHFLI\LQJ 63/ )XQFWLRQDO ¢
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JLIXUH 7RRO 6XSSRUW IRU 6SHFLI\LQJ )XQFWLRQDO 5F

'"HVLIJQ RI WKH FDVH VWXG\

JLUVWO\ WKH REMHFWLYHV DQG R DG/HH LVQMX BK LIFIKHREMMHE @QH. @ H \/C
WKH FDVH VWXG\ ZRXOG*KRIY® 4ZKHNS\E RO GHMIKH/K L N R

@ $IWHU DSSO\LQJ WKLV WH FKIQWFX¥H F ZVYHVWDX\GAGZ D/\K D W R/
DQDOMIMS (RU WKH SRIUMRIVGXDW KQUHMW\G SHRIFHLYHG HDVH RI
XVH DQG SHUFHLYRB WKHIX BROBSRHIWUHTXLUHPHQWY HQJLQHH

7KH FRQRWHYWH FDVH VWXG\ LV WKH UG XLYUHPILHFOWAL PR G HO L
LQ DQ 63/ FRQWH[W 7KH 63/ VHOMAWEDGUHV FOROO MK H $PRE L O
KWWS JRR JO 4 2 ZKLFK VVDDG DIHSIRADWLRKQEWED W
FRQWDFW OLVW WR WUDFN D XVHQGL®MDOQ FRBUBIEQEYD 6/ IDVY)XGD W
HPDLO WR WKH FRQWDFW OLVW :HHFKRYE BP$9HDRQ RIUGHU WR
SURMHFW XVLQJ DQ H[WUDFWLYH UHDFWLYH 63/ DGRSWLRQ

7KHUHWYWRH VXEMHFWLYH GHSHHUFHQWHEDHDBRBORN XV H
SHUFHLYHG XM OHOOQXHWMWERWK YDULDEOHY DIWHU DSSO\LQJ W
ZH XVHG DQ H[LVWLQJ PHDVXUHPH@WHLBYWOXPWQRQ SRRSRV
UHTXLUHPHQWY PRGHOLQJ PHWKRGV IEDRHG @GRQ ORWHIU SHUFH:
VSHFLILFDOO\ ZH DGDSWHG WZR PSHAKH DVR B B PEIDMIIGR Y IBG LD |
LQVWUXPHQW ZKLFK ZHUH EDVHG HFX QRIRR F\R HFVFMHISXFINQF HU R P
ORGHO 7$0 >'DYLV @
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Xx 3HUFHLYHG (DVH RW&WHGH(J28HH WR ZKLFK D SHUVRQ EHOLHY
JH'5( ZLOO EH HIIRUW IUHH 7KLWFHNBWXDBDOM XGHPHIQWH R W W KOH
HITRUW UHTXLUHG WR OHDUQ DQG XVH WKH )H'5( DSSURDFK

X 3BHUFHLYHG 8VHIWRR HOBWIUIBH WR ZKLFK D SHUVRQ EHOLHYHV
DFKLHYH LWV LQWHQGHG REMHFWDYEBENMUFKEWXDO INDEG®@IP HQW
WKH )H'5( DSSURDFK{V HIITHFWLYHQHVYV

‘H GHILQHG D VHW RI LWBRAVRAMBWIHHDY EDN HWEKMVHLDEOHYV
LWHPV ZHUH FRPELQHG LQ D VXUYH\KHRQWHWWL QB URI VWD
IRUPXODWHG E\ XVLQJ D SRLQW QUNWYWWWWHAHIHN X XHQQY W MWRKH
IRUPDW 9DULRXV LWHPV ZLWKLQU MW KHD GR PLFR® WRU % BW YHIR/X
VA\VWHPLF UHVSRQVH ELDV 3(28 MQGJ3W KWK PGVRYHGLWHRYV
LQ WKH VXUYH\ UHVSHFWLYHO\

‘H IRUPXODWHG KMERWROGUOVRYLQJ
X + JH'5( LV SHUFHLYHG DVpBH'BLAXNOSHWRHKYHG DV HDV\ WR

XVH

X + JH'5( LV SHUFHLYHGo DM ' RMW XSVHURKBLYHG DV XVHIXO

,Q DGGLWLRQ EHIRUH WKH FDQ\MW WSKHGRLVIHRDMW RRQ IF RIGIVTIXE H ¢
DV WKH FRUUHFW VROXWLRQ ZDNFGH.IEDWGR Q KADN URUTHOW H BHE)
WKUHH RI WKH DXWKRUV RI WKGWBOXWURQKAHDD L\W R F RSV UDIJ \A
VXEMHFWVY] VROXWLRQV ZLWK VWIOHOQBUWKB @ ROXMH RQ IZ®& LFEKC
WKH VXEMHFWV DSSOLHG )H'5( LW DPQRMUHRBMMAWDR®E HIILFL
GHSHQGHQW HWWH IGHH DBING ZLWK WKLV DLP LQ PLQG
X (IITHFWLYHQHRKMBB8&Y FDOFXODWHG DV WKH UDWLR EHWZHHQ

XVH FDVHV WKDW WKH VXEMHFW LGHMHWEDMHY DQG WKH WRW
X (IIHFWLYHQHXKIBBK IV FDOFXODWHG DV WKHIJMBMWLR EHWZHHC

DOWHUQDWLYH VFHQDULRYV W KHWWR MHD O XEAVPHERHW RG HQLW K M

DOWHUQDWLYH VFHQDULRV
X (IILFLHQFYX4&K LV FDOFXODWHG DV WKH URWHR EHWZHHQ W

FDVHV WKDW WKH VXEMHFW L GHIQ@WY LRIQH GV KDHQ &X V\M K AD WHRWV D ¢

LGHQWLILFDWLRQ
X (IILFLHQF\BBKRYEK LV FDOFXODWHG DV WKHUUDKWLR EHWZHHQ

DOWHUQDWLYH VFHQDULRV WWRM WA\ D\OX BWLIR AW § 8 8 YWR.QL !

DOWHUQDWLYH VFHQDULRYV VSHFLILFDWLRQ

7DEOH VKRZV WKH FDVH VWXG\ SOBQWVLRI ¥ KHRIMHZWKHD FD"

PLQXMWUHHDL QLQIWRHSVHR® QW DQ LQWURGXFWLRQ RI 5( IURP 6}
FDVHV PDLQ FRQFHSWYV DQG QRWDWHRQR | LUH O DXW HR BV HHW FD F W
JH'5( PHWKRG DQG WKH REMHFWLYH$IWBG WHERFWGRUBVQRI W
VHVVLRQ WKH FDVH VWXG\ ZDVVSHRARBRVPHG RIKWZR/ WWDALRD Z
'KHQ WKH VXEMHFWYV ILQLVKHG WKHB5(LOOHG LQ D TXHVWLRQQ

6HYHEPOXPHOMUM GHVLJQHG DV LQVWUXPHQWBWLRQ IRU WK
IRU WKH WUDLQLQJ VHVVLRQ D@ B\WIODMWWHRIQQR |1 RUKAH PIQ\G KI
TXHVWLRQQDLUH 7KHVH G R RXEHMMHENL\E K UZH XM HRK EEY HAQK HR U

7KH TXHVWLRQV DUH DYDLODEOH IDMW8&WWS4XKVMURGWISFKGKSY HV aG
7KH PDWHULDO LV DYDLODEOH DWV K®&6S XVHUV GVLF XSY HV aGEO
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FRQYHQLHQFH IURP D JURXS RDVYRKWZODWRIF HQW HYH HWKHQ VY XUEHM
ZHUH DVNHG DERXW WKHLU H[SHWVKB®NHVIKR ZMHCH WKIDHWD QIR@GE! A
WKHP KDG D SUHYLRXV EDFNJURXQG HQGWX LQ/RMWRBWWDW O ¥ K R C
D FODVVLILFDWLRQ RI VXEMHE®Y W 3XHDHEQR QZMW IGHIGU QRYHDE Q¥
D OHYHULQJ TXHVWLRQQDLUH 7KH3K.UVWWXBWQMWRQ [DRWP FMRKPS R
B8QLYHUVLWDW 3ROLWQFQLFD GH 9D/GEQRLD DKQG WWKGHPIPRY G 7
IURP WKH )HGHUDO 8QLYHUVLW\ RI %DKLD

*URXS
7UDLQLQJ PLAOWURGXFWLRQ WR )H'5(
([HUFLVH H[SODQD/WLRQ
6HVVLRQ PLQITDVN ,GHQWLI\ 8VH &DVHV
7DVN  6SHFLI\ 8VH &DVHYV
JH'5( 4 XHVWLRQQPLUH

7DEOH 30DQQLQJ

SUHSDUDWLRQ RI WKH FDVH VWXG\

‘LWK UHJDUG WR WKH 6FRSLQJ BIFWLYDRWX UBE OR GHK® )k BWL KOURH
6SHFLILFDWLRQ DQG 3URGXFW 0D % QDHU MW IDHIBWRIGHES ROML G R |
H[SHUW ZKR ZHUH DOVR DVVLVWHRBUE\ WK NGRSLGDWYSRUW Z
H[SHULHQFH LQ 63/ VFRSLQJ DFWVNYZDAL H\D UK H & RXKNH W Q QW KDHQ
EDVLV RI RWKHU SURGXFWV ZLW&9D VKALFKDDUSIX D ' R VG DE R HVE
WIBISS6WRKH IXQFWLRQDOLWLHY RI WKHVH SURGXFWY ZHUH LQ
PRGHO LQ ZKLFK IHDWXUHV ZHUH LGHQWLILHG

6LQFH WKH )H'5( DSSURDFK LV |0HQWMED® WHRT X/LXSHSRRHIGWY W K H
VSHFLILFDWLRQ D VHW RI IHDAWXWWXGZAD VKM QHOG WF\GLIRRQY R KWK
IHDWXUHV ZDV PDGH RQ WKH BDHAMWORM Z®& LFFRVM RW XK DURG S
LQ WKH 3URGXFW 0DS DQG DUH HDW.KRZW P E H [LFRHSUCSHWP RQ W H G
WKH J)HDWXUH ORGHO DQG WKH IHDWXUHV VHOHFWHG IRU WKH |

(DFK Rl WKH IHDWXUHV IURP W KUH GHDMWPRIHS PRE MR ADR/H V !
IHDWXUH VSHFLILFDWLRQ WHPSEARBHQJQD P\ GLMWARQD GKUWQR
SURGXFWV IRU WKH PRELOH DSSOILFDWILRQ V R&R MIKLHY HFDHWI J H (
GHILQHG WKXV DOORZLQJ WKH FUFW®WLR\K RUHWE Y G3 WIRG WKW 0
SHTXLUHPHQWY 6SHFLILFDWLRQ IRVMA 'RWARL QU HOXLQHPWQQY DF
DQDO\WWV IURP WKH WHDP FUBDWG QR QVKH HORWW D LD\ F BAYWW KDPA
EHHQ FUHDWHG LQ WKH 6FRSLQJ WHWRY LAWU $ MGRHOMOL IRHG B H
WKH GRPDLQ $Q H[FHUSW Rl WKLV DUWLIDFW LV VKRZQ LQ 7DE

7KH DUWLIDFWYV FUHDWHG E\ WKHORGHROSLQPEIDWRWHYLW\ )
6SHFLILFDWLRQ DQG 3URGXFW (FSH DDAQHEG VEK HV KGHR &I DXUL\ UDHUPWM Q1D
6SHFLILFDWLRQ IRU 'RPDLQ (QJLQHWHHED®JI WH WFLUYH.DWMWV HP MG<HH L
JXQFWLRQDO 5HTXLUHPHQWY DQG DWWKN EUDFHPEU@QUIWWKBD WU L
JXLGHOLQHV IRU VSHFLI\LQJ 63/ UHTXLUHPHQWYV

+HOS PH KWWS JRR JO K6:ST _ BWYEXH %N®&VBRQLKWXSWRRR .
KWWS JRR JO )S9VN _ 5HVFXHOH 1RZ KWWS JRR JO S'< R
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7THUP 'HILQLWLRQ

&RQWDFW W UHSUHVHQWY D SHUMR\WEVEXD AREWDFWH C
W LQFOXGHV UHOHYDQW LQIRUPDWLRQ OLNH H PLC
J)DFHERRN ,' 7ZLWWHU '

&RQWDHW /LVW &ROOHFWLRQ RIDFRRWOGHWYV| VRUWHG LQ DQ

7TZLWWHU OLFUR EORJJLQJ VHUMLEWMHUWFR® DMKWVOLWHH RQ Z|
vVPDOO PHVVDJHVY DQG UHWULHYH FRQWDFWYV WR 6%9
8VHU W UHSUHVHQWV WKH SHUVRQ ZKR XVHV WKH DSS(

7TDEOH ([FHUSW IURP WKH *ORVVDU\

&ROOHFWLRQ RI WKH GDWD

7KH GDWD IRU WKLV FDVH VWXG\UZDPH B RIVOHFMFH GL EXW LR Q \WRKU
'RPDLQ (QJLQHHULQJ DFWLYLW\ 7HEW/ZMKODFWSRIGDIQ HG TEXAL U |
UHFUXLWLQJ IRXUWHHQ 3K ' VWXGBQ®\W QE RPUPRMDIK XZXKIRY HU \
ZHUH DVNHG WR DSSO\ WKH JXLGHGLQHY XRWHWPSHV\ L QK R6BQ | X
LQ 6XE 6HFWLRQ LQ RUGHU WRRQN QKU ZFHKH DMK HR/OPIRZ L QJ T Xt
EH JURXSHG WR EH VSHFLILHKGDEXUS MW &ID WH\H F&&LF XIMH FDVHV |
WKH IHDWXUH RU VHW WRHK RMXOONGX WHCW" XM LFDVH EH VSHFLILHG"
+RZV HDFK XVH FDVH VSHFLILHG LQ WHUPV Rl VWHSV"

KLFK IHDWXUHV FDQ EH JURXSHG WR EH VSHFLILHG E\ 8

7KLV VWHS DQDO\]HV DOO W K®F LHPWXQWH X QIQF O RG HW KIHQ FW K H
LWHUDWLRQ 7KH VXEMHFWYV KDEW R HHH FLBRMBIGLEK R1 WKHVH
VSHFLILHG E\ XVH FDVHV $FFR UWXILGH QLR MK HW K H VR\R WD \RN W/ IK
UHTXLUHPHQWY DQDO\VWYV RUXEZMWRKWVEPAMBRMBEEED W KR QW H U D\
DQG LWV FKLOGUHQ EHFDXVHKWKWHYV DLUHH DI XXQ RW 5 RRI DIGIDWAX T 1D\
IURP WKH JXLGHOLQHV BLQFH WHCHVULHQ D WDH) W BB RADNV FR IQ WIS
RQH RSWHRB¥FGHVVBORFWRED PDREDIMWHBSFFHVVB&RQWURO
VRPH UHTXLUHPHQWY DQDO\VWVSYROOIHE W KK RIXLVGKIDLQHV
JXLGHOLQHV DQG GHFLGHG WK D\WLWKFRG/ B HOM XFIHWH ¥R X & B VQ F
WKH\ ZHUH VSHFLILHG DV DOW HROQMHV U¥I® DAF H G DW RRW KLHQ | M/IX\A
$FFHVVB&RAWUWROVLPLODU ZD\ VRPH VXEMHFWV VSHFLILHG
)DFHERRNB7EEWUMWUB W DROWHUQDWLYH VFHQDULRV IURP D XV}
,PSRUWB&RDWRBBW DQG VRPH VXEMHEGEN\B WYMALQDMG RKH [HDW
7ZLWWHUB'H\DFHERWR NB H \D\@ GRDMOLER 8 V WIL\Q MWMRQU QDW LY H
VFHQDULRV LQ XVH FBVM\L QIMDIDRAMIE WRO WRKHLQJ WKH JXLGHO
PRVW RI WKH VXEMHFWV &R RMGEHER W\K B SFFaqE@HE RMDWDXEWH V

"HVW L QDURRQIHQF\BI2RPEMHWEH VSHFLILHG DV XVH FDVHV 8QIR
WKHUH ZHUH VRPH VXEMHFWYV W®EYWU®LDGV QRW VG H LDEH. RWR DWS |
JXLGHOLQHV UHFRPPHQG LJQRULQUPRIGH®DULDELOLW)\ IURP W

$Q DGGLWLRQDO WDEOH ZLWK WKB GHFWVRRQHDWRYBYODEG HWBW
KWWS  XVHUV GVLF XSY HV a GEODQHV -8&6 &DVHBWXG\ SGI
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KDwW DUH WKH VSHFLILF 8 & IRU WKH IHDWXUH RU VHW R

$IWHU GHFLGLQJ ZKLFK IHDWXUHV FONHGE WWRKHEH/XE5MHAEWMGK D&
LGHQWLI\ ZKLFK XVH FDVHV VKRXOGHHORVMRFHDWH\GKHVR HI
7UDFHDELOLW)\ ODWUL[ ZDV LQFUBEHQWDOIOQ | RLORIMVEL RQ EHWAZ B
WKH XVH FDVH DQG WKH |HDWUDH WS QP B WIS \WH B W W I H VW USDSEF HL
VKRZQ LQ 7DEOH

7KH PRVW FRPPRQ LGHQWLILHG XWKHFDN B8 W FEN HBK HH D WEKM H P\
DUH SUHVHQMHGI RMHPWZLQJI XVH FDVHSRZAFHMYBERIQWUR®I G IRU
I H D W&WHHID W H/RRSNLIQK R ZB 3 URHPGIREHUB 3 DS RGB( PDLO
7KH IROORZLQJ XVH FDVHV ZHEB$EEGHQOWAERYEKURO WKH
8SGDWHBSQEHOHWHBBKNHUROORZLQJ XVH FDVHV ZHUH LGHQWLI
&R QWB B WOKRYZ B & R QVOBIFVH B @RGHOFWH &RRM DEORZLQJ
XVH FDVH ZDV L G$®G\RA R KD FNBIGEKER QMKBIFMROORZLQJ XV H
FDVHV ZHUH LGHQWBSRU\GB &RUDWAEEMY ULHY HBBRR® WD FWV
,P SR UW B & RIQOMIDVFNL \DID\WY MRQ H F R Q W D L6GIND GVBKLHR W IV IH. FFEDAVIHR Q
7KH IROORZLQJ XVH FDVHV (BHUBHQB\BQ WREWHM HIR U
&UHDWHB(PHUJHQF\B1XPBMWHB(PHUJHQF\B1XPEG U
8SGDWHB(PHUJHQFKBIIRREHHFWHG QXPEHU RI XVH FDVHV WR E
WKH VXEMHFWV VKRXOG EH VHYHQWMKHUBVXHIJKDWHY IRU WKH V}

8 & <

$FFHVVB &RQWURO ;
ORELOHB $FFHVVB &RQWURO ;
"HEB $FFHVB | &aRQWURO ;

7TDEOH ([FHUSW IURP WKH 7UDFHDELOLW\ ODWUL]

KHUH WKH 8 & VKRXOG EH VSHFLILHG"

6LQFH VRPH XVH FDVHV ZLWK VLIRIHGD UR B HE&IDIYH B H QRAD \I HEBAWLXGUHH!
WKDW KDYH WKH VDPH SDUHQW WHKHWRXEMWORWD WHK RKIOHG G
VSHFLILEDWLRQ IRU WKLV X VHiG KQ\GHD QWVK Y/ 8 HRL W RD BWLARIQG RW KHL |
EHKDYLRU :KHQ WKLV KDSSHQV RWRH RQB\FDWHWZKMY S\DSHFQ W
IHDWXUH OHYHO $V VRRQ DV LOSCH® W/IKIH DG/ HREDN Bl K KKIDMYDHV K H H Q
SRVVLEOH WR VWDUW PRGHOLQJ WKHVXFHHBPIWHGE/ |BUXMBFRDV
IHDWXUH WKDW ZLOO KDYH XDR EVHWH DG DW)RV H QFFID\KHG 16 VDK |
FDVHV DFWRUV DQG UHODWLRQVKL®WHFARQYJ &RIQMPURED H[DP:
IHDWXUH XVH FDVH GLDJUDP LV VKRZQ LQ )LJXUH

+RZ HDFK 8 & LV VSHFLILHG LQ WHUPV RI VWHSV"

$IWHU LGHQWLI\LQJ WKH XVH FIDHN\DHWXD® & UMIOD WX BN FAFRAHWP WER] R
HDFK XVH FDVH E\ WDNLQJ LQW R/ IDHF F) R B @A UWHK BIR GIRHIOL DAVDIEROGHV |

$Q DGGLWLRQDO WDEOH ZLWK WKHJ CHIVAMK RHDLW K QM LIV HO5Y B i @ D& \H-
KWWS XVHUV GVLF XSY HV a GEODQHV -8&6 &DVHBWXG\ SGI
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VKRZV WKH )XQFWLRQDO 5HTXLUHKXKNG@W VEH RLHICADMWH.® QV RR W KR
$FFHVVB&RIQOQWNRE Z/RIEKYHYFW K H

JLIXUH 6HOHFWHG )HDWXUHV IURR BWMKXGWHDWXUH ORGHO

JLIXUH 8& 'LDJUDP )HDWXUH $FFHVV &RQWURO

7KLV XVH FDVH VSHFLILFDW LRE KERFMWKB EBERMKREKRDO IHDWXL
LV VSHFLILHG DV DQ DOWHUQDABHYHIVFHEDRQRW KXV VK X K& GFHD\X
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YDULDELOLW\ H[SUHVVHG LQ WKH LHDIWRQ HWKRIGHWBOHE WHKG F K
IHDWXUH DQ DOWHUQDWLYH XRHIQPDVR ¥SEOFEH EQWQRQ H & QRN
DGYDQWDJH RI XVLQJ DOWHUQDKH. WHD WLFIHEYDOULIMR\YV L W RV K B S/UR M k
6LQFH WKH DOWHUQDWLYH VFHQ@DWKRY® DUXVMSHFVH HGHRBB B C
SURGXFWV FDQ EH LQVWDQWLDWHIGH IBEUH 8 WV EEG KDWKIR UAD PID \X V|
WKXV DSSHDU LQ WKH VDPH XVHHSDHIDIGLRU RSQ | MK QM OSHFRNGHKC
IHDWXUHV

‘DWD $ QDO\VLYV

‘H SHUIRUPHG WZR DQDO\VHV |RWD WIKHH FRQO® HK\D 8 @/ LGADIWDL YTHX L
ILUVW DQDO\VLV ZDV UHODWHGHWRFWKWYH@EWNHFWLIYHLMQBYLD
REVHUYHG GXULQJ WKH H[HFXWLRQBY HE OPWKRWWVIRY BURKS ZH
WKLV DQDO\VLV ZDV SHUIRUPH® ALHWRUL@HW KWMRJI X GE QWLLQH B HI C
LPSURYH WKH UHGDFWLRQ LQ D TXDIOWLW DWDYHVED QQHW 7K
SHUIRUPHG E\ XVLQJ FORVHG TXHVWIKRQVXEZMHFKW \ZHUWHUOWKE
FDVH VWXG\ H[HFXWLRQ 7KLV LQIRURDDWLIRYH ZF0D/Q Q@ D OL\PH B ULGH
WR FKHFN WKH UHVXOWV RI WH HR VX EM HDR/GV § \SH X DIOFHW VR @ RG K
VWDWLVWLFDO UHOHYDQFH

8 VH FDVYB&LG
1 DPH /IRJLQ
'HVFULSWMRQOORZV D UHJLVWHUHG XVHU WR| DFFHVV WKH V\
$ VVRFLDWHG IHDWKSAFHVV &ROWWRAJ V| 8¥HU @

8YHU [V ®RWN | 7KH 8VHU DFFHVVHV WKH
3un FROGEN G
7R

FROQGLWLRG\VWHP

, QFOXGH ( [WHQGV]) URP

O0DLQ 6XFFHVV 6FHQDULR

6WHS $ FWRU $ FWLRQ % ODFN ER[ 6\WVWHP 5 HVSR
7KH XVHU DVNV WR IORIV® KPKIRZY WKH XVHUQDPH DQG
WKH PRELOH SDVVZRUG ILHOGV WR EH ILOOHG LQ

7K VHUIOOV LQ WKHKBEBVWWIRDPHGDWHY WKH XVHUQDPH DC
DQRG SDVVZRUG IUESODFVYZRUG DQG DOORZV WKH XVHU DFFH\

$ OWHUQDWLYH 6FHQ :HE $FFHVV &RQWURO /RJLQ

&RQGLWLI1 7KH XVHU PXVW EH XVLQJ D FRPSXWHU
$ VVRFLDWHG IHDW :HE $FFHVV &RQWURDO

6WHS $ FWRU $ FWLRQ % ODFN ERJ] 6\WVWHP 5 HVSR

SHTXLUHV WKH O K D
FRPSXWHU %MVW[H%%&‘{/KD IRUP WR EH ILOOHG LQ

7K VHWDOOV LQ WKHKBWWHRPHY) LQ WR 6DYL E\ XVLQJ WK
DQG SDVVZRUG DRGERBEOFIHYVR IRU FRPSXWHUV

7TDEOH 5HWULHYH &RQWDFWYV 8VH &DVH 6SHFLILFDW
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4 XDOLWDWLYH DQDO\VLV

5HIDUGLQJ HITHFWLYHQHVYV LQHWDHDNV X BRH WKH HDXRA VRQVE\R T V
ULJKW QXPEHU RI XVHV FDVHV LGXYWLHADN 8 VE P RM&KHHOW 8 W.QOWIXX
VROXWLHREWNVLYHQHXWBE&EHUYVY ZHUH DEOH WR LGHQWLI\ FRUUHF'
WRWDO XVH FDVHV LQ WKH WDWNYHQMWRW G UVID R NF K HRF NVWK H- I
VWXG\ ZH FRPSDUHG WKH VSHFLWIKH @& KOH WHHRH@DW IRWVH PVRFGIH®HIG
WKH VRQKXHWWMRLY HQHW\KBI6 & HY XOWYV VKRZ WKDW WKLV YDULDEOH
PHDQLQJ WKDW WKH XVHUNFZHUH DE ®H WRHFW B WHRVXY H/
FDVHVY VHH 7DEOH
$GGLWLRQDOO\ IRU HDFK WDVN ZHWHDVWHUHGEHWRH WLPH
HVWLPDWLRQ 7KH UHVXOWYV RKRB W KRDLM) XNKHIV VIX R MFHRFPVE D WWARHR N

WDV N ZLWRLBQFBOXH RI QXPEHU ULJKW XVH FDVHV

VXEMHFWV WRRN DURXQG PLQOXWWNKINRLFARFES®HERYH WKH WD

YDOXH RI QXPEHU RI ULJKW DOWHUQDWLYH VFHQDULRV \
OHD|[Q

(IIHFWLYHQHVVB 8&
(ITHFWLYHQHVVB 6&|(1
7LPH WDVN
(IILFLHQF\B 8&
7LPH WDVN
(IILFLHQF\B 6k (1

7DEOH OHDQ DQG 6WDQGDUG 'HYLDWLRQ IRU WKH DQDO

)LQDOO\ D TXDOLWDWLYH DQDQ\WIKH ZFSHYHTUN RV RH B EX VE D!
ZHUH LQFOXGHG LQ WKH TXHVWLFQYDVYXH HWRWHGDASAHPXADW
VRPH JXLGHOLQH UXOHV WR DYRLGHD PEG BIQWW L HND&/X BIQ JHWK
LGHQWLI\LQJ JURXS RI IHDWXUHV GWDW JVWKBIH XNH FRDIVRIQ D O
VSHFLILFDWLRQ HJ GHILQLQU VO MHBWW LW MPHQHE LLROWF O 2 §
LQ WKH JXLGHOLQHV UXOHV IR BR®H DIGIDON X DIHW K LUGHFGDDME HR/Q V |
HIWHQGY 7KH DQDO\VLV RI WHG WHH Y X D Q@ LL\W B R/W WD GWD W B VIXHHX
KDYH WR EH FRQVLGHUHG WR LPSURYH )H'5¢(

4 XDQWLWDWLYH DQDO\VLYV

,Q WKLV VHFWLRQ ZH GLVFXWGU BAKHXDBWLAWDW RY MK\ HD RIDOH | V @/
GDWD DFFRUGLQJ WR WKH K\SRW KIQWH/G VZHIM HSE V$ D I0Q W& HE U H
XVLQJ WKH 6366 Y VWDWLVWLFBO W RRTKH LWKKE NDHQF \D DBHKD Y |
YDULDEOHVY ZHUH DQDO\]HG E\ FRRSWKHQUHXISRWNHY W R HWHRKHH
TXHVWLRQV UHODWHG WR HDHRK HDWHDEWKDDH WH H/ L1 § HIL\E D QM
YDOXHTXDO WR ,Q RXU FDVH WIRHP PHDR YDRUWDEKOH UDQJL

6' 6WDQGDUG 'HYLDWLRQ

7KH VXEMHFWVY UHVSRQVHY DUH DYDLODEOH DW
KWWS XVHUV GVLF XSY HV a GEODQHV -8&6 4 XHVWLRQQDULH S
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PHDVXUHPHQW RI ERWK VXEMHFWHYHDWD DD EQW W UKYIDVO EVHRHD( HF
>&DULILR @ %YRWK YDULDEOHV KDYHMH PHDGHRYHU WKH QHXV

,Q RUGHU WR YHULI\ WKH K\SRWKWHWHHVONFIMHVCK 2ZKKEYW @BWWY ZZIF
PRVW DSSURSULDWH IRU WKH GEKWBEN , 2 K ZW¥Y HUUW WH QGIFW D VDL
QRUPDOO\ GLVWULEXWHG 6LQPIY WKHH/DBSOHHG WKLIH 6\KIDC5Q O R
:LON WHVW WR YHULI\ ZKHWKHU M&H7&BWMDHVYXOQRURDOMKHGL
QRUPDOLW\ WHVW 7DEOH VKR Z ONMK DG \EVR WIKE ¥\ H GD EQ HWK D\
HYDOXDWLRQ PHWKRG VLQFH WKH FRQXGIWXHDQUFH JOUH DFM H B NW K
WKH K\SRWKHVHV E\ SHUIRUP L (8JHDQ QRHOHWWDDL OIHIGE @/HW HALW K ROV W
YDOXH RI 7KH S YDOXHV REWDLQHG$VPRQNHTXHOQHH ZH S
UHMHFW ERWK QXOO K\SRWKHVMH¥HDYHE SOWL @D WKW R/ XM (DG
XVHIXO

OHDQ 6'6KDSLUR : LON $| OWKD &URQEDFK

SBHUFHLYHG (DVH RI

SHUFHLYHG

7TDEOH $QDO\WLV RI WKH 3(28 DQG 38 YDULDEOHYV

7TKUHDWYV WR YDOLGLW\

7KH PDLQ W K WHIWWHW QVURORWKWKLHG FWVH VW XG\ DUH HYDOXDWLR
VXEMHFW H[SHULHQFH LQIRUPDWLRQ H[FKBIQJH DPRQJ
XQGHUVWDQGDELOLW\ RIY VEXD @R RXQB BE VKD YHK B I IHFWHG WKH
UHVXOWV RZLQJ WR WKH VHOHFWLRQSRW |WRWMNWHYD PR & K H\
UHTXLUHPHQWY ZKHQ DSSO\LQJ )H'SWH : KW KLWWWRSWB\G BAR D
FRQVLGHULQJ D VXEVHW RI IHDWXUMRPSOHWHK NPS\OIRH GWE S S O
JH'5( JXLGHOLQ¥HBMBFOHNIONURBIQAMLDWHG RZLQJ WR WKH IDFW
Rl WKH VXEMHFWV KDG DQ\ H[SHULH®¥FHGHY HHHRXRHERHQWYV P
,QIRUPDWLRQ ZBMW KOLQWHIDWHG E\ PRQLWRULQJ WKH SDUWLFL
SHUIRUPHG WKH WDVNV :H SHUIRUPHIGRQWKHEXWSBRBLPHQW L
UHODWLRQVKLSY ZHUH HVWDEOLVKHG VEHEWMAHHFMQY E8D® LYK DQ
LQIRUPDWLRQ ZDV H[FKIMQDIO® HDWLFOQBHMIKWRBQGDELOLW\ RI WK
PDWHEWLBOHDULQJ XS DOO WKH PLVXQGHUVMRIQGLQJV WKDW DS

7KH PDLQ WKUHOWHW®RD OV KD OW&HWH[SHULPHQW LV WKH
UHSUHVHQWDWLY HQHRV B CRI HW K B WH WXKAW W KUHDW DQG PDNH W
UHSUHVHQWDWLYH WKH FRPSOMHIGW\RRI WWKHH \H{ BM AEWH 2DR D&
WR DSSO\ HYHU\ VLQJOH UXOH RARQRKH GNUGE O MQDWWDWIK B HOX/WD
RI WKH H[SHULPHQW ZDV OLPLWHG WR PLQXWHYV

7KH PDLQ W KRRHDWW WRF WKAD O GH[\WHULPHQW ZDV WKH UHOLD
WKH TXHVWLRQQDLUH UHODWHG WU MKLI-DBDARVAEDY M VOGN X G\ K\'S
E\ DSSO\LQJ WKH &URQEDFK{VREB S KIDX MAHW MR OR ZHKOLFAK \PHVD \RX LR

7KH ER[ SORWV IRU WKH VXEMHFWLYH SKRBZQ@QEmBW 38 YDULDEC(
KWWS XVHUV GVLF XSY HV aGEODQHYV -8&6 %OR[SORWYV SGI

3 YDOXHV IURP WKH RQH WDLOHG W WHVW
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WKH 3(28 DQG 38 YDULDEOHV REWDLQLAYSHRPDIONHD\RI [
KLIKHU WKDQ WKH PLQLPXP DFPHOPWIHDFH WKUHVKROG

7KH PDLQ W KRRI@MO XWR. RK INWOKOHL GIESWH U LPBIQWG ZW YV RAI K H
WKH VWDWLVWLFOLY WBVW OCGBY9LBIWHG E\ DSSONLQJ WKH PRVW
LV HPSOR\HG LQ WKH HPSLULFDO XROWZDWH HQJLQHHULQJ ILHO

& RQFOXVLRQV DQG )XUWKHU :RUN

7KLV SDSHU LQWURGXFHV WKH )H'5( DISBH®WFKVWRFY KSFDRVUIVR QV
RI 63/V ,Q WKLV DSSURDFK FKXQNWR®H QHDWHX UH 0URFG DL QHDR/
IXQFWLRQDO UHTXLUHPHQWYV ZKLFKD\DHNH WHHH QU WBHLFLHIGHG |
UHTXLUHPHQWY YDULDWLRQVVAFDQVEBR DKROM HRG WR \IRM KWVE D
VFHQDULRY LQVLGH D XVH FDVH G$ & HWR RAHIXS. GH O GOIN Y CRVHSI
WR SHUIRUP WKHVH DFWLYLWLHWREGSDRFB VWHDQG M R VWKW M HDI
FRUUHFW WUDFHDELOLW)\ EHW DHMAQL MJ K W \G L1HH B HQMH U WK DWP
DSSURDFK SURYLGHV D VROXWLR®KWKROM ARPEDSDEOHLRIYBA DB
LQ 63/V ZLWK D ODUJH QXPEHU RI UHTXLUHPHQWY DQG IHDWXU

7KH IHDVLELOLW\ RI )H'5( ZDV KGDAXQDAROE LXOVLQ JPREALIDWH V.
DSSOLFDWLRQ IRU HPHUJHQF\ QR WWIKi CDVQLDROQ V W ¥K SIHWIF X ® WS
WKH DSSURDFK DV HDV\ WR XVH DRWGLRQBIX Q HR X LUSHPHQW Q JL ¢
WKLV SDUWLFXODU 63/ +RZHYHU HPBHULRS 5 ORDY¥EKOXDAG R QXD
ODUJHU DQG PRUH FRPSOH[ 63/VUW6RFIRDQ IKYWDXQXDWRRY ZKHID
ZH DUH FRQVLGHULQJ WKH H[HFRWMRIHQIWKWHF RRG B BV K OWWX
DOVR ZDQW WR FKHFN WKH QHFHEMAMAY RW\S SN F LOUNH RURKHU
FXWWLQJ SDUDPHWHUV YDULDEHOHWWB GG @ WKHSLXNDVRDELO@W\:
DUH ZRUNLQJ LQ D WRRO VXSSRUWHGRW RARIOH 603 5,50 FODOAKH OT&\H  Z }
VXSSRUWVY WKH VSHFLILFDWLRQ GRDQ HDRV D$ISD \D)PIG5 X LB RLKHH V
GHYHORSPHQW RI RWKHU 63/V GWUR@JHOKHQGRROIY $SQE FIHS/S/O
‘H DOVR LQWHQG WR H[WHQG WKH DWXURBBKI XD WLGRDEDMH LV
UHTXLUHPHQWY 4%V LQ WKH IHDWXHHRPRPRIEG®I ODQGBLWHRQH[SOR
WHFKQLTXHV WR SDUWLDOO\ DXVKRIPBRMS QHW HDH\GH OIQETHYV
FRQVLVWHQF\ Rl DUWLIDFWYV

$FN QRZOHGJHPHQWYV
7KLV UHVHDUFK ZRUN LV FRIRXQGHGYEHNUWKW \+& R 85 & B DWULIR|Q CBLLDRY YQ W

+%3 WKH 08/7,3/( SURMHFW 7,88 SURJUD®G $WKH )

IURP WKH 6SDQLVK OLQLVWU\ RI (WXFDWDRRQ' BURJIGMDMHQFH D
$&,) *HQHUDOLWDW 9DOHQFHIQPD 0&RPDRQIJRYLYHUXDW® 7KLV
PDWHULDO LV EDVHG XSRQ ZRUN |IXQOMBHQWGRV XS BRUWHH & QEB\HW K H
&RQWUDFW 1R )$ & ZLWK &DW\Q HIW HWEKHHO B RIQU BQILYRHU R W K H
BRIWZDUH (QJLQHHULQJ ,QVWLWNMH DD Gl HGHYUHDADROS P HXQQ/G HFGH QMAN I D 1
'$55$17< 7+,6 &$51(*,( O0(//21 81,9(56,7< $1' 542)7:%

(1*,1((5,1* ,167,787( 0%$7(5,$/ ,6 )851,6+(' %6 ,$1 9%$6,6
&$51(*,( 0(//21 81,9(56,7< 0$.(6 12 :$55%$17,(6<2),H

(,7+(5 (;35(66(' 25 ,03/,(" $6 72 $1< 0$77(51:1&%B7 127
/,0,7(" 72 :$55$17< 2) ),71(66 )25 385326( 25 70N(%B&+7<
(;&/86,9,7< 25 5(68/76 2%7$,1(" )520 86( 2]57%$( 0BF51(*,(
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0(//21 81,9(56,7< '2(6 127 0$.( $1< :$55%17< 2), B1g 7+
5(63(&7 72 )5(('20 )520 3%$7(17 75%'(0$5. 25 &R3<5,*
,1)5,1*(0(17 7KLV PDWHULDO KDV EHHIQOPBSSHWRYBG XD LPAEBMHG U
GLVWULEXWLRQ &DUQHJLH OHOORQWHYWUBQIG/WHDBEPDQ NVRHLEBH E
&DUQHJLH OHOORQ 8QLYHUVLW\ '0 \ VXSBRIWWZAHRGU E\ 2D K HS DL)WILRQIO
,QVWLWXWH RI 6FLHQFH DQG 7HFK@RORJE IKKQGERI\WYBSB(§QILQHHU
&13T DQG )$&(3( JUDQWV DQ®QE34&13T JUDQWYV

DQG )$3ABWKRKINW DOVR DSSUHFLDWH WK
YDOXH DGGLQJ ZRUN RI DOO WK HIUL FRD GRBEPOH VY/RYHIQ RUSIQ WILPV /7D V
9DOH DQG ,XUL 6DQWRYV ZKR PDNH JUFWMW EWQ WU )LHE'SWDRSVRDEKVKH 61

5 HIHUHQFHYV

>$EUDKDR @ $EUDKDR 6 ,QVIUDQ ( &DUQU -U$ TPIQGH PHQMYR 0
PRGHOLQJ PHWKRGV EDVHG RQ XVSIHWUSHHBMSMW L, R QRW PID WILFRL.® \6 RIL HHJ F |

>$0IpUH] @ $OIpUH] 0 J/RSH] +HUSPDWP®@ ® (OQGRWANHGD $$
6XSSRUWLQJ FRQVLVWHQF\ FKHFNLK B ER®)XZFHWM @ LQBIWXWIHH V FIHR® WIRR W
3URF RI WKH WK ,QW FRQIHUHQWRIWGZDRIS $HRGKFV&IESL WS SW K Q REXU K
9HUODJ %HUOLQ +HLGHOEHUJ

>$QTXHWLO @ $QTXHWLO 1 .XOBVHED BR\WUWVFKNKHPPBOHWR®HLU
DQG 6RXVD $ $ PRGHO GULYHQWRUWEBDHLOURWGABWPBZRHWX IRRIWZ 6
ORGHO

>$VDGL @ $VDGL 0 %DJKHUL (RKDEBBWL ' %+DVRDODGWLYHQ VRIWZD
SURGXFW OLQH HQJLQHHULQJ 3URF Rl WRKPSXWIS@&D 6\PSRVLXP RQ $S¢

>%D\HU @ %D\HU - O0XWKLJ ' DMGGRPOHQ INQDA@XMWRPQDEO
3URFHHGLQJV RI WKH )LUVW ,QW 68 %R/ HIGQGRIDWEZDYH DQIL@RABRQJ
*&6( 6SULQJIHU +

>%RQLIIFLR @ %RQLIIFLR 5 DQDUKRWEDLLBEQRGWO LDQJI FAFRIQV F X W\
PHFKDQLVPV ,Q 3URFHHGLQJV Rl WKUHQFK RD $\DSHHFWQ R WILHR@W BGF |
VRIWZDUH GHYHORSPHQW $26' $&0

>%RVK @ %RVFK - 'HVLJQ DQGX&8WV R$ERIWZRUHD QGF KLRVOMWIVQYJ D
BURGXFW /LQH $SSURDFK $GGLVRQ :HVOH\
>&DULILR @ &DULILR - DQG 3HWXIDG HU YWD QTH® PR PPRGF PQFHSWLR

SHUVLVWHQW P\WKV DQG XUED@®HUNRGW DEHRSWQVYNHBWPORMDWOW BY @
DQWLGRWHY -RXUQDO RI 6RFLDO 6FLHQFHV

>&OHPHQWYV @ &OHPHQWYV 3 DXEFEWRUYHKWYWRIUDFWIRAW\Z DWHS 33.LRGW H
$GGLVRQ :HVOH\ %RVWRQ

>'DYLV @ 'DYLV )' 3HUFHLYHG SRIHKVOIQBY G XHHF HLFFHE WMDY AH R
LQIRUPDWLRQ WHFKQRORJ\ 0,6 4XDUWHUO\ +
>&]DUQHFNL @ &]DUQHFNL . (LYURMHFDMRLQY : OHWRRGUWELRROV

DQG $SSOLFDWLRQV $GGLVRQ :HVOH\

,1(6 KWWS ZZZ LQHV RUJ EU
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>(ULNVVRQ @ (ULNVVRQ 0 %|UV3WB6HU DSSURPEKWRGRPDLFKH
PRGHOLQJ ZLWK IHDWXUHV XVI®\FDMHYURFE HX/IHQ BB VR U WIXO,.J /W UR) D V
&RQIHUHQFH RQ 6RIWZDUH 3URGXFW /LQHV 6SULQJHU %

>*ULVV @ *ULVV 0 / )DYDUR ,QWHJIG DAMLKROHWDOMNHKBWHRPRGHOLQJ Z
WKH 56(% 3URFHHGLQJ RQ WKH )LIRK 6RWHIDQUMHWERQWDK &&REBIHUHQF
9LFWRULD %& &DQDGD SS =

>+HLGHQUHLFK @ +HLGHQUHLFXVPAKDEIBBKIB] $OIPDBWRYV $UD~MR -
)XHQWHV / .XOHV]D 8 ORUHLUD I$DW®GHS5BRKIH® V$W 5 HRGADKMIUQ B R G H
RI D VRIWZDUH SURGXFW OLQH DDESBMIDDRWGLY® VV@XBGYDRIVIHR® XUH
DVSHFW RULHQWHG VRIWZDUH GH¥HOR®S@HOMLOHOESUUQJHU 9HUODJ

>-RKQ @ -RKQ , (LVHQEDUWK 0 VXUY$H\GBERGHHG IMFRBQQWKHEH WK
6RIWZDUH 3URGXFW /LQHV 63/& 6DXJYVQFLVFR $&DOLIRUQLD 86% $

>-RQHV @ -RQHV & $SSOLHG 6®JIMZD B RIGIOPMKIUYHPWQ BVQ G VAK D O L W
OF*UDZ +LOO 1HZ <RUN

>.DQJ @ .DQJ . & &RKHQ 6 * +H®WBHWBUVIRRYDN 6 (HDWXUH
2ULHQWHG 'RPDLQ $QDO\VLV )2'$ )HORUBELGRWW 6 (\QXIG \, QMIFIKWX WHIO U K

> . UXHJHU @ .UXHJHU & : (DVLRQDUWKPDWUIDFXWWRFRQDWRRYR IV
BURFHHGLQJV RI WKH WK ,QWHUQDWLRWDDP LRYNMKR & HRQ LERIWZD U
%LOEDR 6SDLQ 2FWREHU * 6SULQJIHU +

>0DVKLNR @ ODVKLNR < %DVLOLLXIP WR §QLYGNV WIKID WA 3IPDOXE QWL
JDFWRUV IRU 6RIW 3URFHVV ,PSURYHMPHIHW -RXUQDO RI 6\VWHPV DQG

>0D[ZHOO @ OD[zZzHOO . $SSOIUHHG 0OOVPDWHNV WL BR IWRAD BIR | WXDO LW\
, QVWLWXWH 6HULHYVY 3UHQWLFH +DOO

>0RRQ @ ORRQ 0 DQG &KDH + 6QJ$@RPHEQRDHFRKXWRHEGHYMWRESY D
FRUH DVVHW EDVHG RQ FRPPRQDDLIW\RBXGE W MUWIQHHE L,Q (WAUD@NVO BRIV E ¢

(QJ +

>0XVVEDFKHU @ OXVVEDFKHU * GWYPYRMR - $PRIBHLEDVHG DQ
ORGHOLQJ DQG $QDO\WLV RI 6RIWZDUWH 3RREBIB® /LQHV 6RIWZDUH 4XD
>0XWKLQJ @ OXWKLJ , -RKQ OU$QDWWIVRBRXQRYFKPLOD®RUVWH

*R3IKRQH = $ 6RIWZDUH 3URGXFW /LRRDLQ@ WKH OREKOH HBKRRIQ\H
(

>20LYHLUD @ 20LYHLUD 5 3 ,QN]UWiQHUWI$EYUD RO QHY *RQRKHQ
6 $OPHLGD ( 6 $ )HDWXUH 'ULYH@J SHETSURIMHPH QRAY & R W @ Bibik
3URGXFW /LQHV ,Q 3URFHHGLQJVWRXPWRE 6RIWUDJHORBOSKRE®SRW YV
$UFKLWHFWXUHV DQG 5HXVH 6%&¥E P EXUDY tO2PW REH]L O 6

>6KDNHU @ 6KDNHU 3 $WOHH -HQWH®QHTE&LUH PHDWX/URRGHOLQ.
ODQJXDJH ,Q 3URF RQ WK ,((( ,QW&BEMKLNGPHQ&KLFQIRQBBHLQ

>BROWDQL @ 6ROWDQL 6 $VDGHDOKHWVHYLEXWRPDWHBHGDSDQQLQ
IRU IHDWXUH PRGHO FRQILIXUDWLRQ@ERYHBHG BBTXQUHPHRW\O BQRFQR
WKH WK 6RIWZDUH 3URGXFW /LQH &R® HGBKQFBR®3/& 6DOYDGRU %!

>:RKOLQ @ :RKOLQ & 5XQHVRQ 3 JOHOM 0% 2(SMURPHQWERW BRIQ
LQ 6RIWZDUH (QJLQHHULQJ :;,,,



